Although more than 55 years have been passed since its first development, it remains unknown whether a posicast-shaped function (PSF) is a unique intermittent input command for a one-time rapid rest-to-rest motion in one natural period. In addition, it has not been determined whether more generalized expressions exist. We recently deduced an intermittent input command of a feedforward formula, called a vibration manipulation function for one natural period (oVMF), to manipulate an undamped 1-DOF linear floating oscillator in an arbitral operational period based on the dynamics of three vibro-impact oscillators under a Grover algorithm in the field of quantum information. As a special case of oVMF, we can define the formula of an input command for a restto-rest motion in one natural period, called roVMF. In this study, we proved that any PSF for an undamped 1-DOF oscillator (uPSF) can be expressed as an infinite series of roVMF. Moreover, because uPSF has a stricter symmetrical property than roVMF, we have concluded that the set of uPSF, Uup, is contained in the set of roVMF, UroV. Hence roVMF is a more general expression than uPSF.
Introduction
The precise positioning of a lightly damped oscillator for a rapid rest-to-rest motion is an important control sequence for industrial applications, such as an overhead travelling crane, an overhead hoist transfer machine, or a magnetic head of a hard disk drive (HDD). The suppression of residual vibrations in a 1-DOF floating oscillator is an important requirement in such fields.
An overhead hoist transfer machine is widely used in IC industries to transfer semiconductor wafers. It comprises a moving carriage with a hand device that holds a load in an elevated suspension. Although the transfer time is crucial for increasing the efficiency of the system, fast acceleration and a sudden stop at each aimed position incur residual vibrations of the suspended load. Because a dumper cannot be attached to the oscillator, it takes several seconds to remove oscillations after the transfer. Finding the trajectory of the carriage to realize a proper repowering process is one of the few ways to efficiently suppress the residual vibrations of a floating oscillator. Smith (1957) and Calvert and Gimple (1957) proposed a posicast shaper for a rapid rest-to-rest motion of a 1-DOF floating oscillator in one natural period. This is a simple technique for the shaping of an intermittent reference function into an intermittent input function of a base trajectory by convolving it with two sequential impulses that are departed with a half natural period of the target oscillator. Because a posicast-shaped function (PSF) is easy to create, this technique has been widely used to suppress the residual vibrations of an oscillator. Singer and Seering (1990) expanded a PSF into a multi-pulse-shaped technique, called input shaping, for an arbitral discrete operational period. Because an input shaper can realize a robust rest-to-rest motion, it has been popularly utilized for the easy manipulation of an overhead travelling crane, in an overhead hoist transfer machine, and in the magnetic head of an HDD.
Meanwhile, although more than 55 years have been passed since its initial development (Singhose, 2009 ), a PSF has some fatal disadvantages when used in control a sequence. First, it is unknown whether such shaping techniques can express a general intermittent feedforward input command for a one-time rapid rest-to-rest motion. Such methods utilize the convolution of non-delayed and half-period delayed plural pulses along with the original command to eliminate the effects of the previous signal on the system. Hence, these shaping techniques require the initial reference command to be shaped first, and no analytical studies have been conducted without doing so. Therefore, more generalized analytical formula for one-time rapid rest-to-rest motion has not yet to be developed. In addition, the trajectory of the optimal control used to minimize a certain evaluation function has not yet been discussed. Second, a PSF is a limited feedforward function that is merely used for a rest-to-rest motion. If an unexpected residual vibration occurs from external noise or internal error, we cannot suppress it using a PSF. Although studies have been conducted on generating a feedback loop by rearranging the PSF, efficient results have not been reported.
Third, although a PSF has been developed into an input-shaping technique, the operational periods are limited to discrete values with a half natural period interval. Hence, efficiency and freedom of the control are reduced.
We recently developed a formula for an intermittent feedforward input command to manipulate a 1-DOF linear floating undamped oscillator, which is called a vibration manipulation function in one natural period (oVMF). An oVMF is derived from the dynamics of three vibro-impact oscillators using the Grover algorithm (Kotake et al., 2015A) . Using an oVMF, we can bring the mass of the oscillator from the initial arbitral position, and the initial arbitral velocity to the arbitral aimed position and the arbitral aimed velocity after one natural period. When an oVMF is limitedly designed to transfer the oscillator for a rest-to-rest motion, it is called a rest-to-rest motion oVMF (roVMF). Therefore, we obtained another candidate feedforward input function to control a lightly damped oscillator.
On the other hand, a posicast-shaped command is generally used for an undamped oscillator for a one-time rest-torest motion during one natural period. For instance, a PSF is frequently used for an overhead travelling crane, which is a typical undamped oscillator. Hence, we call a special PSF used for an undamped oscillator a uPSF. A uPSF realizes a one-time rapid rest-to-rest motion such as an roVMF. Of course, a uPSF has the same advantages and disadvantages as a PSF. Although the similarities and differences of these functions have been discussed abstractly (Kotake et al., 2015A) , the analytic relations between the two methods have not been precisely clarified.
In this study, we mathematically analyzed the relation between roVMF and uPSF using a half integer order trigonometric series expansion. We then prove that an arbitral uPSF can be expressed through the formulation of roVMF as an infinite series of the expansion. Moreover, because uPSF has more limited symmetric properties than roVMF, we can conclude that roVMF is a more general expression than uPSF. Therefore, the set of uPSF, Uup, is contained in the set of roVMF, UroV. Finally, we will show how to eliminate the disadvantages of uPSF by expanding roVMF into oVMF.
Condition of rest-to-rest motion of 1-DOF oscillator 2.1 Model of undamped 1-DOF oscillator
Both uPSF and roVMF are feedforward input functions used to realize a rapid rest-to-rest motion of a 1-DOF floating oscillator, which consists of a mass, a spring, a base, and an actuator. Here, m is the mass, and k is the spring constant of the oscillator. Because the transfer distance, d, is set to a characteristic length under non-dimensionalization, hereafter we use d = 1. In this study, an operational period, Δt, is set to be the natural period of the target oscillator, τ. Because we set τ/2π as the characteristic time for non-dimensionalization, the natural period is τ = 2π, and the natural angular frequency of the oscillator is ωt = 2π/τ = 1. Moreover, we set m as the characteristic mass.
The input command is applied either as an external force to the mass or an enforced displacement of the base of the floating oscillator. As shown in Fig. 1 , hereafter, we apply the input as an enforced displacement, which transfers the mass and base of the floating oscillator for a unit distance after an operational period of 2π.
Conditions of reference and input commands
Because a 1-DOF floating oscillator is transferred under a rest-to-rest motion, we change the position of the mass of the oscillator from xin = -1/2 to xen = 1/2, and its velocity from vin = 0 to ven = 0. In addition, we change the position of the reference command, r(t), and input command, u(t), from Xin = -1/2 to Xen = 1/2 for a rest-to-rest motion. Therefore the following necessary conditions are required: Kotake and Ichizaki, Mechanical Engineering Journal, Vol.4, No.4 (2017) [DOI: 10.1299/mej.17-00031]
Moreover, because the input command satisfies the physical requirement, the function should be set within a Hilbert space of L 2 . Therefore, r(t) and u(t) can be analyzed in a Fourier series.
3. Posicast-shaped command 3.1 Control of a damped 1-DOF oscillator 3.
Basic idea
In this study, we show two different types of preparation method for the input command for a one-time rapid rest-torest motion: posicast shaping and roVMF. Through a discussion of our previous proposal, we first introduce a typical description of the posicast shaping method in this chapter.
Smith indicated that the posicast method effectively requires two impulses, the vibrations of which cancel each other out (Smith, 1957) . Smith convolved them with a reference command function of r(t) to obtain a shaped input command function of PSF, u(t) . Nowadays, the posicast shaping method is regarded as a fundamental case of an input shaping technique, which generalizes the number and timing of the impulses (Singhose, 2009 ).
Method for making a shaped function
The command-shaping process is shown in Fig. 2 . First, we demonstrate how to make a shaped command using the posicast technique. To determine the input command of a PSF, a reference command needs to be shaped. For instance, by selecting an S-shaped curve as a reference command of r(t), two input impulses of delta functions, δ(t) and δ(t -τ/2), are convolved using the reference curve of r(2t), as shown in Eq. (2), during the operational period of τ.
The first input pulse has an amplitude of A1, and the second has an amplitude of A2. When the floating target oscillator is a damped 1-DOF system, the value of A1 is usually larger than or equal to A2. These parameters require A1 + A2= 1, 
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which will be defined in the next section. The timing of the first impulse is located at the start of the initial command, t1 = 0. In addition, the second impulse is located after a half natural period of the oscillator, t2 = τ'/2 = π. Here, τ' is the natural period of a damped oscillator. Because the above convolution is very simple, a convolved shaped command is easy to create. First, the initial command is scaled based on the amplitude of the first impulse, A1. Next, to form a secondary function, the initial command is scaled based on the amplitude of the second impulse, A 2 , and shifted to the time location of the second impulse, t2, i.e., at the instance of the half natural period after the first impulse, t1. In addition, these scaled replicas of the original function are added together to make the shaped command from the convolved product, as shown in Fig. 2. 
Effects of shaped function
Next, we show the effects of the convolved function, which can transfer a damped 1-DOF oscillator without a residual vibration. Because any reference function can be expressed as a summation of shifted delta functions, the vibrationsuppression effect of the shaped command can be understood based on the phenomena of the impulse function as a reference command. After shaping the reference impulse using the previous method, the shaped command also becomes composed of two impulses. The amplitude of the first impulse is A 1 , and that of the second impulse is A 2 . As shown in Fig. 3 , suppose that the first impulse is applied to the oscillator at t =t0, and the second impulse is applied after one-half of the natural period, t = t0+τ'/2.
When the first impulse of amplitude A1 is applied alone, the response of the damped oscillator can be expressed as the first red sinusoidal curve shown in Fig. 3(a) . The height of the first peak of the response will be A1. The height of the second peak of the response is defined as A2. When the second impulse of amplitude A2 is applied alone, the response of the damped oscillator can be expressed as the second green sinusoidal curve with a half natural-period delay, shown in Fig. 3(b) . In addition, when both impulses are applied to the oscillator, the first sinusoidal response is canceled out by the second response after the half natural period, as shown in Fig. 3(c) . Hence, the trajectory of the damped oscillator will follow the third blue line, and no residual vibration remains after the half natural period. In practice, because the translational dynamics remain, the mass will be at rest after one natural period.
Control of an undamped 1-DOF oscillator
When the floating target oscillator is an undamped 1-DOF system, the posicast shaping technique, uPSF, becomes much easier. First, the two input pulses have the same delta function of a half amplitude. In addition, the timing of these impulses is the same as the case of a damped oscillator. In this case, τ is the natural period of an undamped oscillator. The convolved function is shown in Eq. (3). Fig. 2 Schematic of (a) a posicast shaper, which shapes the reference function, r(t), into input function u(t), and (b) the shaping process, which convolves r(t) with two impulse functions to make u(t) for a rest-to-rest motion in one natural period.
(3) Therefore, to form the first function, the initial command is scaled based on the half amplitude. To form a secondary function, the initial command is scaled based on the half amplitude and shifted to the half natural period after the first impulse. In addition, these scaled replicas of the original function are added together to make a shaped command. Because the effect of the convolved function is the same as that of a damped oscillator, no residual vibration remains after one natural period.
In previous studies, the reference input function has been limitedly expressed as a square wave, impulse, or S-shaped function (Singhose, 2009) . Therefore, the general properties of an arbitral reference function have not been discussed with these shaping techniques. The general properties of a PSF are discussed later in this study.
Vibration manipulation function obtained from Grover algorithm 4.1 Three vibro-impact oscillators designed using Grover algorithm
In this section, we show another type of preparation method, roVMF, as an input command for a one-time rapid restto-rest motion. First, as a background, we introduce the dynamics of the three vibro-impact oscillators designed using the Grover algorithm, which was first introduced by Grover (1997) as a typical quantum algorithm. This algorithm can increase/decrease the amplitude of a wave function in the target state, and decrease/increase the amplitudes in the remaining states simultaneously for every operation.
Three vibro-impact oscillators using the Grover algorithm were first proposed by Patel (2006) . Their accurate mathematical formulations were determined by Takata et al. (2011) . With this model, the wave functions consist of coherent phonons, which represent various modes of vibration in classical mechanics. Because the concentration of phonons in a certain state or certain oscillator indicates an increase in the vibration energy, the Grover algorithm applies an energy transfer operation among the oscillators.
A model of the three vibro-impact oscillators, shown in Fig. 4(a) , was specially designed to utilize the Grover algorithm in a vibro-impact multibody system. With this model, two small oscillators are connected to one large oscillator, Fig. 3 Schematic of the suppression of residual vibration of 1-DOF damped oscillator under posicast-shaped command. Reference impulse of δ(t0) with (a) the first impulse, (b) second impulse, and (c) first and second impulses. Because vibration from the first impulse (a) and that from second impulse (b) will cancel each other out, the vibration from two impulses (c) eliminates the residual vibration of the oscillator after a half natural period. Kotake and Ichizaki, Mechanical Engineering Journal, Vol.4, No.4 (2017) [DOI: 10.1299/mej.17-00031] the spring of which is fixed to a wall. The two small oscillators are designed to have the same natural period as that of the floating target oscillator. Therefore, the natural period of the small oscillators is τ = 2π/ωt = 2π. One of the small oscillators moves freely, and the other is impacted during every natural period, τ. The former is called a small non-impact oscillator, and the latter is called a small impact oscillator. Regarding the small non-impact oscillator as an undamped target oscillator on the controlled side, and the others as virtual oscillators on the controlling side, the position of the large oscillator, X oV (t), becomes the controlling trajectory of the base of the floating target oscillator for one natural period, as shown in Fig. 4(b) .
We designed the angular eigen-frequencies of the coupled vibrations between the large oscillator and the mass center of the small oscillators as ω+ = (p+1/2) ωt and ω-= ωt /2, with the natural number p used to realize the internal resonance. Under the above conditions, the discrete dynamics of the large oscillator becomes independent from those of the two small oscillators during every natural period. Because an interaction merely occurs between the two small oscillators in discrete dynamics, a three-body problem during a chaotic oscillation is avoided.
Vibration manipulation function for one natural period
In this section, we introduce an oVMF deduced from the dynamics of the three vibro-impact oscillators (Kotake et al., 2014) . A more general vibration manipulation function for an arbitral operational period will be discussed in another study.
In the model of the three vibro-impact oscillators, the displacement of each oscillator is defined from each balanced position, as shown with the dotted line in Fig. 4 . The displacement and velocity of the large oscillator are indicated in the following equations for every natural period on the coordinate system at rest located on the wall. Because the system of the three vibro-impact oscillators is defined in any inertial coordinate system, its origin can be arbitrarily determined by adding either any constant displacement or velocity, which will change the conditions of Eq. (4). However, because Eq. (4) coincides with Eq. (1), the following discussion should be kept on the coordinate system at rest on the wall.
From the displacement of the large oscillator, we deduce the function of oVMF, XoV(t0+t'), in Eq. (5) (Kotake et al., 2014) . By enforcedly displacing the base along XoV(t0+t') during one natural period of τ, the mass will move along the trajectory of Eq. (6). Therefore, the mass of the floating oscillator will be moved from x in to x en in terms of displacement, and from vin to ven in velocity during an operation. Fig. 4 Schematic of (a) three vibro-impact oscillators designed using the Grover algorithm and (b) an extracted 1-DOF undamped floating oscillator, the base trajectory of which expresses the VMF. Kotake and Ichizaki, Mechanical Engineering Journal, Vol.4, No.4 (2017) [DOI: 10.1299/mej.17-00031] 
where the coefficients of αp and βp are real numbers. In addition, t' is the time within a one-time operation, defined as 0≤t'<τ. In addition, t0 is the starting instant of each operation, and Xin and Vin are the position and velocity of the base at the starting instant, respectively. Moreover, parameter p is a natural number, as mentioned previously. When the coefficient of αp stands in Eq. (7), oVMF changes the position of the target oscillator from xin to xen. Or when the coefficient of βp stands in Eq. (7), oVMF changes the velocity of the target oscillator from vin to ven.
From Eq. (5), we can see that all of the components of XoV(t0+t') are half-integer order trigonometric functions. On the other hand, if both equations of αp and βp in Eq. (7) are zero, XoV(t0+t') does not remain any influence on the oscillator in the discrete dynamics of τ. Therefore, we call this special case of an input command a non-vibrational manipulated function in one period (noVMF), XnoV(t).
Vibration manipulation function for unit-length rapid rest-to-rest motion
When the aimed displacement of xen = Xen = XoV(t0+τ) and the aimed velocity of ven is zero, the intermittent input command of XoV(t0+t') can perfectly reduce the residual vibration of the 1-DOF floating oscillator in one natural period. When oVMF is designed to transfer the oscillator as a rest-to-rest motion in this manner, it is called a rest-to-rest motion vibration manipulation function in one natural period (roVMF). As a special case of oVMF, roVMF is defined in Eqs. (8) and (9). In roVMF, the mass and base of the oscillator are transferred in unit length from -1/2 to 1/2, and their velocities are zero at the start and end points of each operation. Here, we set t0 = 0 for simplicity.
Because the Grover algorithm indicates the energy transfer between a real non-impact small oscillator and a virtual impact small oscillator, roVMF realizes all vibration energy inserted into the target oscillator from the virtual oscillator during the first half of one operation, and is extracted during the latter half of the operation. This mechanism is the same for other types of intermittent input command for a rapid rest-to-rest motion.
Moreover, although roVMF expresses many possible input commands for a rapid rest-to-rest motion of a floating oscillator by arbitrarily selecting the coefficients of Eq. (8), we do not know whether uPSF can also be expressed through roVMF. In the following, to compare uPSF and roVMF, we discuss their properties. Kotake and Ichizaki, Mechanical Engineering Journal, Vol.4, No.4 (2017) [DOI: 10.1299/mej.17-00031] First, to clarify the relationship between roVMF and uPSF, we deduce a general expression of uPSF, which realizes the rapid unit-length rest-to-rest motion of an undamped 1-DOF floating oscillator from -1/2 to 1/2. Because an arbitral intermittent reference function, r(t), indicates the properties of the unit-length translation of Eq. (1), it can be expressed in Eq. (10) as
Relation between uPSF and roVMF 5.1 General expression of uPSF
where l(t) is the following intermittent linear function in the natural period as a fundamental transfer function, and is indicated as l(0) = -1/2 and l(τ) = 1/2.
In addition, g(t) is an arbitral intermittent function whose both ends satisfy g(0) = g(τ) = 0 and is within a Hilbert space of L 2 . Therefore, it can be expressed in the following Fourier series as
where 0≤t≤τ, ωt = 2π/τ and n is a natural number. As in the above discussion of the posicast shaping technique for an undamped 1-DOF system, by convolving the reference function of r(t) with two sequential impulses, the product of u(t) is expressed in Eqs. (13) and (14) as
Therefore, we can conclude that the general formula of uPSF can be decomposed into the two terms above: gc(t) and l(t). Because gc(t) is a summation of even-order trigonometric components, it is a function with π periodicity, which is expressed through a Fourier series.
uPSF expressed through a series of roVMF 5.2.1 Half-integer Fourier decomposition
In this section, we attempt to express the above two terms for u(t), gc(t), and l(t) with respect to roVMF. Because all of the components of roVMF are half-integer order trigonometric functions, we first transform them into a series of roVMF through a new type of Fourier decomposition, which has the following orthogonal functions defined in Eq. (15): Kotake and Ichizaki, Mechanical Engineering Journal, Vol.4, No.4 (2017) [DOI: 10.1299/mej.17-00031]
where f(t) is an arbitral L 2 function, and p and q are natural numbers. Because the above Fourier-like decomposition is composed of half-integer order trigonometric functions, we termed it a half-integer Fourier decomposition. This decomposition is related to the Fourier series of a half-wave symmetry function.
Intermittent linear function
Converting through a half-integer Fourier decomposition using Eq. (15), an intermittent linear function, l(t), can be expressed in the following infinite series of roVMF. Owing to the complication of such conversion, the method of transformation from a half-integer Fourier decomposition into a series of roVMF will be discussed in another paper.
According to Eq. (7), because Eq. (17) stands, l(t) is a typical example of roVMF for the unit-length rest-to-rest motion.
Summation of even-order trigonometric components
Next, we try to express gc(t), the summation of even-order trigonometric components, with respect to noVMF. Because higher order trigonometric functions will not incur any effect on an undamped 1-DOF linear oscillator after an operation of one natural period, the operation of gc(t) will also not affect the dynamics of the target oscillator. By transferring each even-order trigonometric function, which is a component of gc(t), into a half-integer Fourier series using Eq. 
Because the following equations stand under any integer of n, gc(t) is transformed into noVMF, XnoV(t).
(19) Kotake and Ichizaki, Mechanical Engineering Journal, Vol.4, No.4 (2017) [DOI: 10.1299/mej.17-00031]
Symmetry of residual term of uPSF or roVMF from linear function
Now, we will discuss the symmetry of the residual term of uPSF or roVMF from a linear function of l(t), i.e., gc(t) = u(t) -l(t) or h(t) = XroV(t) -l(t), respectively. According to Eq. (14), after extracting the linear function from u(t), the residual term of gc(t) is the summation of the even-order trigonometric components. Therefore, it has a periodicity of τ/2 = π, as shown in the following equation.
.
On the contrary, after extracting the linear function from roVMF, the residual term of h(t) does not always have a periodicity of τ/2 = π, as shown in the following equation. When XroV(t) = -XroV(τ/2-t)-1/2 stands, it has a periodicity of τ/2.
Because gc(t) has a stricter symmetry than h(t), the set of uPSF, Uup, is contained in the set of roVMF, UroV. Moreover, UroV is contained in the set of oVMF, UoV, and their relation, as shown in Fig. 5 , can be simply expressed through the formula below. Consequently, uPSF is a special expression of roVMF.
Rest-to rest motion of damped oscillator
Moreover, in this study, we simply discuss the input command for a one-time rapid rest-to-rest motion for an undamped oscillator. However, we should note that all oscillators in the real world have smaller or larger damping effects. Therefore, the discussions provided in the present study should be extended to include a damped oscillator. One general advantage of a PSF is that it can control a damped oscillator (Singhose, 2009) . Therefore, the set of a general PSF, Up, is not contained in the set of roVMF, as shown in Fig. 6 . After extending the condition of roVMF for a damped oscillator, we might discuss the relation between the extended roVMF and general posicast shaper, i.e., the PSF. As shown in Fig.6 , if we can find the formula of roVMF for a damped oscillator, the relation between the set of roVMF for a damped oscillator (extended UroV) and UP might be simply expressed through the following formula. U oV U up U roV Kotake and Ichizaki, Mechanical Engineering Journal, Vol.4, No.4 (2017) [DOI: 10.1299/mej.17-00031]
Relation between uPSF and roVMF as a finite series function
As mentioned in 5.2.1, the basis functions of a half-integer Fourier decomposition are half-integer order trigonometric functions. As shown in Eq. (26), an infinite Fourier series is required to express any of the half-integer order trigonometric functions (Moriguchi et al., 1979) . Moreover, an infinite half-integer Fourier series is required to express any trigonometric functions.
As shown in Eq. (14), because gc(t), which is the remainder from an intermittent linear function, is expressed through a summation of the even-order trigonometric components, gc(t) in uPSF is basically expressed in a Fourier series. Because roVMF is basically expressed through a half-integer Fourier series, uPSF is always expressed by roVMF as an infinite series.
In practice, while numerical signals are composed from a finite series in a controller, a certain reminder will be left to express an arbitral uPSF from roVMF. Because the error order from the reminder can be analytically estimated, the effectiveness of roVMF for the control of rest-to-rest motion should be discussed. Because all finite terms of roVMF, which are approximated from uPSF, are designed to realize rest-to-rest motion, the reminder will not affect the occurrence of residual vibration.
Meaning of more generality in roVMF than uPSF
In this study, we showed that roVMF is a more general expression than uPSF. Although these commands merely treat the rest-to-rest motion of an undamped oscillator for one natural period, too many limited conditions prevent their practical use. However, because roVMF can express any uPSF, an extension of the conditions of roVMF into oVMF also indicates an extension of the conditions in uPSF. Although uPSF, which is a special case of PSF, has several unsolved disadvantages, as mentioned before, the extension of these conditions might show a way to eliminate the problems in uPSF. We describe such possibilities below.
First, because uPSF cannot be used under feedback control, we cannot suppress any unexpected residual vibrations. However, because oVMF can be used not only for rest-to-rest motion, but also for an arbitral state of the oscillator, it can suppress any unexpected residual vibration under sampled-data control (Kotake, 2015B) . Because oVMF can be used for the feedback version of a posicast-shaped command control, it can be utilized for an overhead travelling crane (Kotake et al., 2015A) and the active suspension of an automobile (Kawakita and Kotake, 2016) . Fig. 6 Venn diagram for the sets of PSF (Up), roVMF(UroV), oVMF(UoV), and extended oVMF(UoV) for a damped oscillator. As the diagram indicates, Up will be contained in the set of extended UoV. Kotake and Ichizaki, Mechanical Engineering Journal, Vol.4, No.4 (2017) [DOI: 10.1299/mej.17-00031]
Second, because the operational time is limited to the discrete time in a PSF, the freedom in the control sequences is reduced. Because oVMF can be extended into almost an arbitral operational period, the freedom in the control sequences is increased. On the other hand, we still do not know whether roVMF can express the entire feedforward control for a one-time rapid rest-to-rest motion. Such determination is the goal of our next study.
Conclusions
In this work, we compared two intermittent input command functions for a one-time rapid rest-to-rest motion of an undamped 1-DOF floating oscillator in one natural period. One is a posicast-shaped command function for an undamped oscillator (uPSF), and the other is a vibration manipulation function for rest-to-rest motion in one natural period (roVMF). Here, we proved that any function of uPSF can be expressed through the formula of roVMF. Moreover, we showed that uPSF has stricter symmetrical properties than roVMF. Therefore, we concluded that the set of uPSF, Uup, is contained in the set of roVMF, UroV, as long as we set our controlled target to be within the undamped conditions. Hence, roVMF is a more general expression of uPSF.
